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(54) Symbol synchronisation in ADSL by detecting FEXT/NEXT boundaries during C-PILOT

(57) An ADSL communication apparatus includes a
transceiver that executes an initialization sequence, a
host that is connected to a user terminal, an AFE unit,
a driver that transmits an analog signal (converted by
the AFE unit) to a line, and a receiver that receives the
analog signal from the line. The transceiver retrieves a

signal component of a known carrier from the front-end
of a hyperframe, based on an arbitrary symbol break-
point. By calculating outer product values between the
previously retrieved signal component and the currently
retrieved signal component, the symbol breakpoint is
adjusted in accordance with the patterns of the outer
product values.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an ADSL mo-
dem apparatus, ADSL communication apparatus, and
synchronization adjustment method for ADSL commu-
nication that are appropriate for establishing a symbol
synchronization at a remote side, in a communication
environment where the TCM-ISDN is also used.

2. Description of Related Art

[0002] The ADSL (Asymmetric Digital Subscriber
Line) is a service that employs an existing telephone line
so that both a high speed Internet connection service
and ordinary telephone service can use the same line,
which has rapidly become available in the recent years.
For providing such ADSL services, ITU-T recommenda-
tions have been issued regarding ADSL modems. G.lite
and G.dmt recommendations established in 1999 at
ITU-T SG15 are ADSL standard recommendations,
which further extend to ANNEX.A, ANNEX.B, ANNEX.
C, and etc., for initialization establishing methods ac-
cording to the communication environment of individual
country (or region).
[0003] Fig. 10 illustrates an initialization sequence ac-
cording to G.lite or G.dmt. In Fig. 10, ATU-C is an ex-
change side apparatus and ATU-R is a terminal appa-
ratus remotely equipped (e.g., at home).
[0004] During the initialization sequence, immediately
after C-QUIET2 and R-QUIET2, the ATU-C starts a hy-
perframe transmission from "Beginning of Hyperframe".
When the ATU-C transmits C-REVERB1 and
C-REVERB2, the ATU-R establishes symbol synchroni-
zation for the reception symbol at location "Last symbol
may be shortened by n samples". The symbol synchro-
nization is performed by forcefully shortening the sym-
bol by n samples, which correspond to a deviation of the
symbol synchronization.
[0005] As described above, the symbol synchroniza-
tion of the ATU-R employs C-REVERB1, C-REVERB2,
or C-REVERB3 signal received from the ATU-C. This is
due to the fact that a REVERB signal includes carriers
ranging #32 - #127, or #32 - #255, and the recommen-
dation clearly states what kind of signal is being sent
from the ATU-C, which is useful for establishing a syn-
chronization.
[0006] Hereafter, the symbol synchronization method
at the ATU-R is illustrated. When the IFFT input signal
of C-REVERB at the transmission side (data before cal-
culation, although the transmission side performs the in-
verse fast Fourier transform on a bit stream that config-
ures a symbol) is X(f), and the FFT input signal of the
received signal without the symbol synchronization at
the reception side (signal before calculation, although

the reception side performs the fast Fourier transform)
is Y(f), the following calculation at the reception side can
be provided:

When impulse response is res (t), the following calcula-
tion is provided:

The above formula calculates the impulse response (res
(t)) on the line.
[0007] Fig. 11 illustrates a waveform of the impulse
response calculated at the reception side. The reception
side locates a peak of the impulse response as illustrat-
ed in Fig. 6, and detects the beginning of the C-REVERB
symbol. The above-described symbol matching method
is an example that can be applied to ANNEX.A specifi-
cation, which is primarily intended for use in the United
States.
[0008] However, in case of ANNEX.C specification
(primarily intended for use in Japan), a special method
is applied because of a consideration to a communica-
tion environment where the TCM-ISDN is co-resident.
In particular, the TCM-ISDN produces a high frequency
noise (ISDN noise) caused from switching operations of
time division multiplexing for the transmission and re-
ception sides. In order to reduce the adverse effect of
the ISDN noise, the synchronization (i.e., hyperframe)
is established per 345 symbol unit in the middle of the
initialization sequence. During the hyperframe, FEXT
symbols are allocated during a period in which the effect
of the ISDN noise is small, while NEXT symbols are al-
located during a period in which the effect of the ISDN
noise is large.
[0009] Fig. 12 illustrates a hyperframe that shows a
layout of FEXT and NEXT symbols. The ATU-C side re-
ceives a 400 Hz TTR clock from the exchange network.
By synchronizing according to the TTR clock, FEXT and
NEXT periods are distinguished for the layout as shown
in Fig. 12.
[0010] The ATU-R side is not able to receive the TTR
clock from the exchange network, the ATU-R should
synchronize with the TTR clock and distinguish the
FEXT and NEXT periods in order to perform appropriate
communication.
[0011] ANNEX.C analyzes C-PILOT1 or C-PILOT1A
transmitted from the ATU-C, in order to detect the FEXT
and NEXT symbols. In particular, as illustrated in Fig.
13, a PILOT signal, which is a composite of a pilot tone
(carrier #64) and carrier #48 (hereafter referred to as
A48 signal), is generated. During the FEXT period, a PI-
LOT signal, which is a composite of the pilot tone and
A48 signal with the same topology, is transmitted (Fig.
13 (a)), whereas, during the NEXT period, the pilot tone

Z(f) = Y(f) / X(f)

res (t) = inversFFT (Z(f))
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and an A48 signal with a topology shifted at 90 degrees
from the pilot tone are separately transmitted as PILOT
signals (Fig. 13 (b)).
[0012] The ATU-R receives the A48 signal at a loca-
tion illustrated in Fig. 14 (a) during the FEXT period,
while receiving the A48 signal at a location illustrated in
Fig. 14 (b) when the period switches to the NEXT period.
Specifically, when there is a transition from the FEXT to
the NEXT period, the location of the A48 signal moves
at 90 degrees toward the negative direction as shown
in the arrow in Fig. 14 (b). Also, when there is a transition
from the NEXT to the FEXT period, the A48 signal re-
ception moves from the location of Fig. 14 (b) to that of
Fig. 14 (a). In other words, when there is a transition
from the NEXT to the FEXT period, the location of the
A48 signal moves at 90 degrees toward the positive di-
rection and repositioned at the original location as
shown in the arrow in Fig. 14 (a).
[0013] Therefore, the ATU-R can be notified when
there is a transition from the FEXT to the NEXT period,
and the NEXT to the FEXT period, by finding the time
when the A48 signal reception point moves 90 degrees
toward the negative direction, and the positive direction
respectively. Taking the hyperframe of Fig. 12 for exam-
ple, when 5 consecutive NEXT symbols are received
and there is a transition to the FEXT period, it is possible
to recognize that the hyperframe is at the 13th or the
22nd phase. Then, by counting the subsequent recep-
tion symbols, it is possible to find the beginning of the
hyperframe.
[0014] Further, the ATU-R performs the above proc-
ess for establishing hyperframe synchronization imme-
diately after the ATU-C initiates the transmission of a
hyperframe from "Beginning of Hyperframe". Symbol
synchronization is established after the ATU-C starts
transmitting a C-REVERB signal.
[0015] However, when the reception symbol break-
point is reset after establishing the synchronization of
the hyperframe having 345 symbol length, the reception
symbol breakpoint needs to be moved within the range
of ± 180 degrees, which sometimes loses the once con-
firmed hyperframe breakpoint. In this case, the recep-
tion of signals from C-RATE1 and R-RATE1 becomes
incomplete for both G.lite and G.dmt, thereby causing
an irregular shutdown of the process without completing
a normal transmission.

SUMMARY OF THE INVENTION

[0016] The present invention addresses the above-
described problem. The purpose of the invention is to
provide an ADSL modem apparatus, ADSL communi-
cation apparatus, and synchronization adjustment
method for ADSL communication that prevent an abnor-
mal shutdown of the system caused from losing the hy-
perframe breakpoint, by establishing reception symbol
synchronization upon receiving a C-PILOT signal with-
out waiting for a C-REVERB signal.

[0017] According to the ADSL modem apparatus/AD-
SL communication apparatus/synchronization adjust-
ment method of this invention, a signal composition of
a known carrier is retrieved based on an arbitrary sym-
bol breakpoint, since the initiation of a hyperframe.
Then, an outer product between the previously retrieved
signal composition and the presently retrieved signal
composition is calculated one by one. Lastly, the symbol
breakpoint is adjusted according to the pattern of the
outer product values.
[0018] This invention relates to a data transmission
terminal having the above-described ADSL modem ap-
paratus/ADSL communication apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The present invention is further described in
the detailed description which follows, with reference to
the noted plurality of drawings by way of non-limiting ex-
amples of exemplary embodiments of the present inven-
tion, in which like reference numerals represent similar
parts throughout the several views of the drawings, and
wherein:

Fig. 1 illustrates a configuration of a communication
system at an ATU-R side according to a first and
second embodiment of the present invention;
Fig. 2 is a functional block diagram of a transceiver
of Fig. 1;
Fig. 3 (a) illustrates a symbol pattern when there is
a transition from a FEXT period to a NEXT period;
Fig. 3 (b) is a timing chart of symbol breakpoints
that are accurately synchronized;
Fig. 3 (c) illustrates outer product values;
Fig. 4 (a) illustrates a symbol pattern when there is
a transition from a FEXT period to a NEXT period;
Fig. 4 (b) is a timing chart of symbol breakpoints
having breakpoint shifts;
Fig. 4 (c) illustrates outer product values;
Fig. 5 (a) illustrates a change in topology of a re-
ception symbol when there is a transition from a
FEXT symbol to a NEXT symbol;
Fig. 5 (b) illustrates a change in topology of a re-
ception symbol when there is a transition from a
NEXT symbol to a FEXT symbol;
Fig. 6 (a) illustrates a symbol pattern when there is
a transition from a NEXT period to a FEXT period;
Fig. 6 (b) is a timing chart of symbol breakpoints
having breakpoint shifts;
Fig. 6 (c) illustrates outer product values;
Fig. 7 is a flowchart for establishing symbol syn-
chronization according to the first embodiment of
the present invention;
Fig. 8 is a flowchart for establishing symbol syn-
chronization according to the second embodiment
of the present invention;
Fig. 9 is a conceptual illustration of a table having
16 divisions generated according to the second em-
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bodiment of the present invention;
Fig. 10 illustrates a first half of an initialization se-
quence;
Fig. 11 illustrates a method for establishing symbol
synchronization suitable for ANNEX.A;
Fig. 12 illustrates a layout of FEXT and NEXT sym-
bols for one hyperframe;
Fig. 13 (a) illustrates a transmission point of an A48
signal during a FEXT period;
Fig. 13 (b) illustrates a transmission point of an A48
signal during a NEXT period;
Fig. 14 (a) illustrates a reception point of an A48
signal during a FEXT period; and
Fig. 14 (b) illustrates a reception point of an A48
signal during a NEXT period.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0020] The embodiments of the present invention are
explained in the following, in reference to the above-de-
scribed drawings.

First Embodiment

[0021] Fig. 1 illustrates a diagram of a communication
system at the ATU-R side according to the present in-
vention. In the communication system as illustrated in
Fig. 1, a public phone line or a similar phone line (here-
after referred to as line) is connected to ADSL commu-
nication apparatus 2 via splitter 1. Further, user terminal
3 is connected to ADSL communication apparatus 2.
When user terminal 3 and telephone 4 share one line,
splitter 1 is necessary. However, when telephone 4 is
not used, splitter 1 is not needed. It is also possible to
have a configuration where user terminal 3 internally in-
stalls ADSL communication apparatus 2.
[0022] ADSL communication apparatus 2 includes
transceiver 11 that executes an initialization sequence
(which will be later-described), and host 12 that controls
the entire operation including the one of transceiver 11.
At the line side of transceiver 11, units are configured
with an analog circuit via an analog front end (hereafter
referred to as AFE). Driver 15 is connected to a DA con-
verter of AFE 13 via analog filter 14, so that analog sig-
nal amplified by driver 15 is transmitted to the line via
hybrid 16. The analog signal transmitted from the line is
received by receiver 17 via hybrid 16, and then input into
an AD converter of AFE 13 via analog filter 18. When
sampling data is output from the AD converter, AFE 13
outputs the data to transceiver 11.
[0023] Fig. 2 is a functional block diagram illustrating
transceiver 11. Processor 20 has a function to execute
the handshake step and initialization step prior to initi-
ating data transmission (SHOWTIME).
[0024] The transmission side of transceiver 11 in-
cludes Reed-Solomon encoder 21 that adds a redun-
dancy bit for checking error, interleave unit 22 that sorts

data to enable a burst error correction during Reed-
Solomon decoding, Trellis encoder 23 that performs da-
ta convolution from a Trellis encoding, tone ordering unit
24 that lays out a bit number for each carrier, constella-
tion encoder 25 that allocates topology of the transmis-
sion data on constellation coordinates, and IFFT unit 26
that performs an Inverse Fast Fourier Transform (here-
after referred to as IFFT) on data after the constellation
encoding process.
[0025] The reception process side of transceiver 11
includes FFT unit 27 that performs a Fast Fourier Trans-
form (hereafter referred to as FFT) on sampling data of
the received signal, constellation decoder/FEQ unit 28
that decodes data from constellation data of the FFT
output signal and corrects a topology on the constella-
tion coordinates, tone de-ordering unit 29 that restores
data laid out to each carrier after tone ordering process
at the transmission side, Viterbi decoder 30 that per-
forms Viterbi decoding on the received data, de-inter-
leave unit 31 that restores data being resorted by the
transmission side, and Reed-Solomon decoder 32 that
deletes the redundancy bit added by the transmission
side. Transceiver 11 is connected to host 12 via host
interface (I/F) 34.
[0026] Hereafter, a detail illustration is provided for
the operation of the first embodiment having the above
configuration. When the power is turned on at ADSL
communication apparatus 2, the ATU-C and ATU-R ex-
ecutes a handshake step. After a quiet period (QUIET2)
for a predetermined number of symbol length, the
ATU-C initiates a transmission of C-PILOT1. ADSL com-
munication apparatus 2 (ATU-R) simultaneously estab-
lishes synchronization of a hyperframe and reception
symbols, while C-PILOT1 is being transmitted.
[0027] The following illustrates a principle of obtaining
symbol synchronization. Fig. 3 (a) illustrates a part of a
hyperframe phase (from Fig. 12) of an A48 signal where
there is a transition from a FEXT period to a NEXT pe-
riod. As illustrated in Fig. 3 (b), when a symbol break-
point (symbol synchronization) recognized by the recep-
tion side matches with the transmitted symbol break-
point, an outer product value between the last symbol
of the FEXT period and the first symbol of the NEXT
period becomes greater than a predetermined value as
illustrated in Fig. 3 (c). This is because the topology of
the last symbol in the FEXT period and that of the first
symbol in the NEXT period are 90 degrees apart as il-
lustrated in Fig. 14. The outer product can be calculated
as follows: When the previous symbol of the A48 signal
is at (X1, Y1), and the current symbol of the A48 signal
is at (X2, Y2), outer product value = = X1 * Y2 - X2 * Y1.
Thus, the outer product value depends on the topology
change between symbols.
[0028] On the other hand, an outer product value be-
tween adjacent two symbols within the FEXT period, as
shown in Fig. 3 (a), becomes 0 because of no topology
change. As shown in Fig. 3 (c), the outer product value
is close to 0, ignoring the topology changes due to fac-
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tors such as noise. Similar effects can be seen for ad-
jacent two symbols within the NEXT period.
[0029] However, when symbol breakpoints are shifted
from real symbols as illustrated in Figs. 4 (a) and (b),
the calculated outer product values of two consecutive
symbols near the breakpoint between the FEXT and
NEXT periods become greater than a predetermined
value. For example, when calculating an outer product
between periods (2) and (3) of Fig. 4 (b), period (3) in-
cludes component of a NEXT symbol to the extent that
the symbol breakpoint is shifted from the real symbol
front-end. Accordingly, an FFT output having period (2)
as one symbol appears at location A in Fig. 5 (a), while
an FFT output having period (3) as one symbol appears
at location B, a topology of which being a (a<90) de-
grees shifted in the negative direction from location A.
Since a is smaller than 90 degrees, the calculated outer
product value becomes smaller than that of topology
having moved 90 degrees.
[0030] Further, when outer products of periods (3) and
(4) are calculated in Fig. 4 (b), period (3) has a partial
NEXT symbol component to the extent that the symbol
breakpoint is shifted from the real symbol front-end,
while period (4) only has a NEXT period component. Ac-
cordingly, the FFT output having period (3) as one sym-
bol appears at location B, while the FFT output having
period (4) as one symbol appears at location D, at to-
pology of which being β (β + a = 90) degrees shifted in
the negative direction from location B. Since β is smaller
than 90 degrees, the calculated outer product value be-
comes smaller than that of topology having moved 90
degrees. a depends on the extent to which the NEXT
component is included in period (3). The example in Fig.
4 shows a situation where the NEXT component is
smaller than the FEXT component in period (3).
[0031] Fig. 6 illustrates a relationship between symbol
breakpoints and outer product values, when there is a
transition from the NEXT to FEXT period. As shown in
Fig. 5 (b), a topology moves in the positive direction
when there is a transition from a NEXT to FEXT symbol.
Therefore, outer product values have the opposite po-
larity of when there is a transition from a FEXT to NEXT
symbol. During a transition from a NEXT to FEXT period
as in Fig. 6, when a symbol breakpoint is shifted from a
real symbol, only two outer product values appear,
which are greater than a predetermined value appear.
[0032] When the symbol breakpoints are not accu-
rately established, outer product values (absolute val-
ues) appear as follows:

0 0 0 0 small large 0 0 0 0 0 0 small large 0
or,

0 0 0 0 large small 0 0 0 0 0 0 large small 0
Based on the above outer product values patterns, the
present embodiment establishes symbol synchroniza-
tion.
[0033] Fig. 7 is a flowchart illustrating steps to find an
accurate symbol breakpoint from outer product values
of two consecutive symbols. FFT unit 27 of Fig. 2 inputs

a calculated signal from an FFT calculation into proces-
sor 20. When processor 20 determines an arbitrary sym-
bol breakpoint, two consecutive symbols are selected
to calculate the outer product values according to the
breakpoint. Then, the values are individually buffered in
RAM 33.
[0034] When the outer product values are stored,
processor 20 sets object number n = 1 (step S100) and
calculates the nth outer product value (absolute value)
(step S101). Then, it is checked whether the outer prod-
uct value is greater than threshold value M (step S102).
Because of topology changes caused by various com-
munication environments and noises, threshold value M
is used to ignore minimum outer product values from
this determination procedure. When the current outer
product value is smaller than threshold value M, the pre-
vious outer product value is compared with threshold
value M (step S103).
[0035] When only one large outer product value is cal-
culated and nearby outer product values are 0, it signi-
fies that the arbitrarily set symbol breakpoint matches
the actual symbol by coincidence. Therefore, in this sit-
uation, the process is completed. In addition, when both
previous and current outer product values are smaller
than threshold value M, the object number is increment-
ed by one (step S104).
[0036] When the current (nth) outer product value is
greater than threshold value M, it is checked whether
the previous ((n-1)th) outer product value also exceeds
threshold value M (step S105). When two consecutive
outer product values are greater than threshold value
M, it signifies a transition is made from FEXT to NEXT
period, or from NEXT to FEXT period. When the previ-
ous ((n-1)th) outer product value is smaller than thresh-
old value M, the object number n is incremented by one
(step S106).
[0037] When the outer product values of two consec-
utive symbols exceed threshold value M (at step S105),
the following calculation is provided in order to check
the reliability of the outer product values. First, (n-1)th

and nth outer product values are added (step S107).
Then, it is checked whether the larger outer product val-
ue is greater than the added value multiplied by coeffi-
cient k (step S108). In this example, coefficient k is set
at 3/4.
[0038] Accordingly, it is possible to compare the val-
ues of the (n-1)th and nth outer products. When one outer
product value is much smaller than the other outer prod-
uct value, it is determined that the symbol breakpoints
are in an allowable range. Therefore, the process is
completed.
[0039] When the larger outer product value is smaller
than "added value multiplied by k" at step S108, it is de-
termined whether the (n-1)th outer product value is larg-
er than the nth outer product value (step S109). When
the (n-1)th outer product value is larger than nth outer
product value, the symbol breakpoint is shifted at 90 de-
grees to the right (setting the sampling clock forward)
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(step S110). and when the (n-1)th outer product value is
smaller than nth outer product value, the symbol break-
point is shifted at 90 degrees to the left (stopping the
sampling clock) (step S111).
[0040] Using the example of Fig. 4 (c) and Fig. 6 (c),
since the order of the outer product values are small-
and-large, the symbol breakpoint needs to be shifted at
90 degrees to the left. When one symbol corresponds
to 256 sampling clocks, the symbol breakpoint is shifted
to the left by 256 * (3/4) clock.
[0041] With the above-described procedure, outer
product values between symbols are calculated. When
two consecutive outer product values exceeding thresh-
old value M are found, moving direction of the symbol
breakpoint is determined based on the order and sizes
of the values. Therefore, it is possible to establish sym-
bol synchronization without using a C-REVERB signal.
Further, since there is no need to wait for the C-REVERB
signal, it is possible to establish symbol synchronization
during a period in which the hyperframe synchronization
is established.

Second Embodiment

[0042] Hereafter, the second embodiment of the
present invention is illustrated. According to the first em-
bodiment, the accuracy of the symbol synchronization
adjustment is only at ± 256 / 4 = 64 samples, when 1
symbol = 256 samples. Therefore, the following control
is provided in order to improve the accuracy of the ad-
justment.
[0043] Since the configuration of the hardware is the
same as in the first embodiment, only the operation for
establishing symbol synchronization is illustrated in de-
tail.
[0044] Fig. 8 is a flowchart illustrating steps for symbol
synchronization adjustment. As illustrated in Fig. 8, the
adjustment procedure has two steps: the first and the
second adjustments.
[0045] First, during the first adjustment, at "Beginning
of Hyper frame" of the initialization sequence, the ATR-R
receives a C-PILOT signal transmitted from the ATU-C.
Then, FFT unit 27 performs a fast Fourier transform on
the signal.
[0046] Processor 20 uses the FFT output of A48 sig-
nal and calculates outer product values of the two con-
secutive symbols, employing an arbitrary symbol break-
point. The outer product values are buffered in RAM 33
in the order of time.
[0047] Then, the hyperframe synchronization is ad-
justed at step S200 of Fig. 8. An arbitrary method can
be employed for the hyperframe synchronization, which
is based on the C-PILOT signal. For example, from the
locations where a negative outer product value appears
and where a positive outer product value appears, the
transition from a NEXT to FEXT period, or from a FEXT
to NEXT period can be found respectively. Further, by
counting a number of symbols included in each NEXT

and FEXT periods, the front-end of the hyperframe is
found. Also, the location of the symbol breakpoint is ad-
justed as FEXT/NEXT synchronization is obtained be-
tween symbols #0 - #344 (one hyperframe).
[0048] As shown in Fig. 12, one hyperframe has 32
transitions from a FEXT period to NEXT period, and 32
transitions from a NEXT period to FEXT period. Under
an assumption that the symbol breakpoints are shifted,
as shown in Fig. 6, two consecutive outer product values
(>M) appear at a borderline from the FEXT period to the
NEXT period.
[0049] Therefore, two consecutive outer values each
for 16 borderlines from a FEXT to NEXT period are re-
trieved (step S201). Then, the first values of the 16 outer
product values are averaged, and second values of the
16 outer product values are averaged (step S202). Al-
though 16 borderlines are retrieved form the beginning
of the hyperframe, in this example, the borderlines can
be retrieved from a middle of the hyperframe. Also, the
averaged sampling number is not limited to 16.
[0050] Next, the first averaged outer product values
and the second averaged outer product values are add-
ed together, which is then divided into 16 in order to gen-
erate a table for 16 divisions (step S203). When the sym-
bol breakpoint deviations are constant, the first values
of the 16 outer product values should become the same,
and so should the second values of the 16 outer product
values in an ideal situation. However, in a real situation,
factors such as communication environment changes
vary the topologies, thereby varying the 16 outer product
values. By averaging those values, the variation is av-
eraged to have an imaginary ideal value. Moreover, the
added value of the first averaged value and the second
averaged value becomes the same as a calculated out-
er product value when a topology moves 90 degrees be-
tween FEXT/NEXT periods as shown in Fig. 14. When
one symbol period is being sampled with a 256 sampling
clock, a table with 256 samples being divided into 16 is
created, corresponding the outer product values with
symbol adjustment sample numbers. Fig. 9 is an exam-
ple of a table for 16 divisions.
[0051] Next, it is determined where the averaged val-
ue of the first outer product values (calculated at the
above step S202) belongs in a table for 16 divisions, in
order to find the corresponding symbol adjustment sam-
ple number. The symbol breakpoint is adjusted by the
calculated symbol adjustment sample number. Specifi-
cally, the sampling clock of AFE 27 is set forward by the
symbol adjustment sample number. Or, the sampling
data output from AFE 27 (e.g., one symbol, 256 sam-
ples) is buffered in order to adjust the readout position
of the sampling data (step S204).
[0052] The following describes the second adjust-
ment step. According to the symbol breakpoint estab-
lished from the first adjustment step, a new breakpoint
for the FFT output is given, in order to recalculate the
outer product values of consecutive two symbols. By an-
alyzing the calculated outer product values, the hyper-
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frame synchronization is established according to the
above-described procedure (step S205).
[0053] Then, two consecutive outer values each for
16 borderlines from a FEXT to NEXT period are re-
trieved (step S206). Then, the first values of the 16 outer
product values are averaged, and so are the second val-
ues of the 16 outer product values (step S207). Next,
the first averaged outer product values and the second
averaged outer product values are added, in order to
calculate an imaginary ideal value. By dividing the im-
aginary ideal value into 64, a table for 64 divisions is
generated (step S208). In this case, the symbol adjust-
ment sample number is divided into 256 x (1/64).
[0054] Further, a symbol adjustment sample number
that corresponds to the averaged value of the first outer
product values (of step S207) is calculated from the ta-
ble for 64 divisions. The sampling clock is adjusted only
to the calculated symbol adjustment sample number, in
order to adjust the symbol breakpoint (step S209).
[0055] After the first adjustment step, a C-PILOT sig-
nal can be sampled again, or an FFT output of the orig-
inally received C-PILOT can be stored to be used for
both the first and second adjustment steps.
[0056] Since the two consecutive outer product val-
ues are averaged to create an ideal outer product value,
and a table is generated with 16 and 64 divisions, a more
accurate symbol adjustment sample number is calculat-
ed, thereby improving the accuracy of the reception
symbols.
[0057] In addition, the above-described procedure
performs the first and the second adjustment steps;
however, only the first adjustment step can be per-
formed.
[0058] It is noted that the foregoing examples have
been provided merely for the purpose of explanation
and are in no way to be construed as limiting of the
present invention. While the present invention has been
described with reference to exemplary embodiments, it
is understood that the words which have been used
herein are words of description and illustration, rather
than words of limitation. Changes may be made, within
the purview of the appended claims, as presently stated
and as amended, without departing from the scope and
spirit of the present invention in its aspects. Although
the present invention has been described herein with
reference to particular structures, materials and embod-
iments, the present invention is not intended to be lim-
ited to the particulars disclosed herein; rather, the
present invention extends to all functionally equivalent
structures, methods and uses, such as are within the
scope of the appended claims.
[0059] The present invention is not limited to the
above-described embodiments, and various variations
and modifications may be possible without departing
from the scope of the present invention.
[0060] This application is based on the Japanese Pat-
ent Application No. 2002-160497 filed on May 31, 2002,
entire content of which is expressly incorporated by ref-

erence herein.

Claims

1. An ADSL modem apparatus comprising:

a retriever that retrieves a signal component of
a known carrier based on an arbitrary symbol
breakpoint, from a front-end of a hyperframe;
a calculator that sequentially calculates an out-
er product value between a previously retrieved
signal component and a currently retrieved sig-
nal component; and
an adjuster that adjusts the symbol breakpoint
according to a pattern of the outer product val-
ues.

2. The ADSL modem apparatus according to claim 1,
wherein said adjuster moves timing of the symbol
breakpoint in a direction to delay the symbol break-
point when an absolute value of a first outer product
value of two consecutive outer product values is
smaller than an absolute value of a second outer
product value of the two consecutive outer product
values, and moves timing of the symbol breakpoint
in a direction to accelerate the symbol breakpoint
when an absolute value of a first outer product value
of two consecutive outer product values is larger
than an absolute value of a second outer product
value of the two consecutive outer product values.

3. The ADSL modem apparatus according to claim 2,
wherein said adjuster terminates a process without
adjusting the symbol breakpoint, when two consec-
utive outer product values are added, and a ratio of
a larger outer product value compared to the added
value is larger than a predetermined value.

4. An ADSL modem apparatus comprising:

a retriever that retrieves a signal component of
a known carrier based on an arbitrary symbol
breakpoint, from a front-end of a hyperframe;
a calculator that sequentially calculates an out-
er product value between a previously retrieved
signal component and a currently retrieved sig-
nal component;
a table generator that generates a first adjust-
ment table by dividing, by N, an added value of
an added average of first outer product values
within two consecutive outer product values,
and of an added average of second outer prod-
uct values within two consecutive outer product
values, the table associating each divided area
with a symbol adjustment sample number; and
an adjuster that adjusts the symbol breakpoint
by obtaining, from the first adjustment table, a
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symbol adjustment sample number corre-
sponding to a calculated outer product value.

5. The ADSL modem apparatus according to claim 4,
wherein, after firstly adjusting the symbol break-
point by using the first adjustment table, outer prod-
uct values between a previously retrieved signal
component and a currently retrieved signal compo-
nent are sequentially calculated again, then an add-
ed value combining an added average of first outer
product values and an added average of second
outer product values is divided by M, M being great-
er than N, and a second adjustment table is gener-
ated, the table associating each divided area with a
symbol adjustment sample number.

6. An ADSL communication apparatus comprising:

a transceiver that executes a handshake se-
quence and an initialization sequence, and per-
forms encoding of transmission data and de-
coding of reception data;
a host that manages an operation of said trans-
ceiver, inputs transmission data provided from
a user terminal into said transceiver, receives
reception data received from said transceiver
via a line, and outputs the reception data to the
user terminal;
an AFE unit that converts transmission data in-
to an analog signal, the transmission data being
output to the line by said transceiver, and con-
verts an analog signal into digital data, the an-
alog signal being received from the line;
a driver that transmits the analog signal con-
verted by said AFE unit to the line; and
a receiver that receives the analog signal from
the line,

wherein, said transceiver installs the ADSL
modem apparatus according to claim 1.

7. A data communication apparatus comprising:

a transceiver that executes a handshake se-
quence and an initialization sequence, and per-
forms encoding of transmission data and de-
coding of reception data;
a host that manages an operation of said trans-
ceiver and inputs transmission data into said
transceiver;
an AFE unit that converts transmission data in-
to an analog signal, the transmission data being
output to the line by said transceiver, and con-
verts an analog signal into digital data, the an-
alog signal being received from the line;
a driver that transmits the analog signal con-
verted by said AFE unit to the line; and
a receiver that receives the analog signal from

the line,

wherein, said transceiver installs the ADSL
modem apparatus according to claim 1.

8. A synchronization adjustment method for ADSL
communication comprising:

retrieving a signal component of a known car-
rier based on an arbitrary symbol breakpoint,
from a front-end of a hyperframe;
sequentially calculating an outer product value
between a previously retrieved signal compo-
nent and a currently retrieved signal compo-
nent; and
adjusting the symbol breakpoint according to a
pattern of the outer product values.

9. The synchronization adjustment method of an AD-
SL communication according to claim 8, further
comprising:

moving timing of the symbol breakpoint in a di-
rection to delay the symbol breakpoint when an
absolute value of a first outer product value of
two consecutive outer product values is smaller
than an absolute value of a second outer prod-
uct value of the two consecutive outer product
values; and
moving timing of the symbol breakpoint in a di-
rection to accelerate the symbol breakpoint
when an absolute value of a first outer product
value of two consecutive outer product values
is larger than an absolute value of a second out-
er product value of the two consecutive outer
product values.

10. The synchronization adjustment method of an AD-
SL communication according to claim 8, further
comprising:

terminating a process without adjusting the
symbol breakpoint, when two consecutive out-
er product values are added, and a ratio of a
larger outer product value compared to the add-
ed value is larger than a predetermined value.

11. A synchronization adjustment method of an ADSL
communication comprising:

retrieving a signal component of a known car-
rier based on an arbitrary symbol breakpoint,
from a front-end of a hyperframe;
sequentially calculating an outer product value
between a previously retrieved signal compo-
nent and a currently retrieved signal compo-
nent;
generating a first adjustment table by dividing,
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by N, an added value of an added average of
first outer product values within two consecu-
tive outer product values, and of an added av-
erage of second outer product values within two
consecutive outer product values, the table as-
sociating each divided area with a symbol ad-
justment sample number; and
adjusting the symbol breakpoint by obtaining,
from the first adjustment table, a symbol adjust-
ment sample number corresponding to a calcu-
lated outer product value.

12. The synchronization adjustment method of an AD-
SL communication according to claim 11, further
comprising:

after firstly adjusting the symbol breakpoint by
using the first adjustment table, sequentially re-
calculating outer product values between a pre-
viously retrieved signal component and a cur-
rently retrieved signal component;
dividing, by M, an added value combining an
added average of first outer product values and
an added average of second outer product val-
ues, M being greater than N; and
generating a second adjustment table, the table
associating each divided area with symbol ad-
justment sample number.

13. A synchronization adjustment method for ADSL
communication comprising:

performing a fast Fourier transform at an
ATU-R side by receiving C-PILOT1 signal
transmitted from an ATU-C side, when perform-
ing communication based on ANNEX. C of
ITU-T recommended G.922.1 or G.922.2;
calculating an outer product value between A48
signal of one previous symbol and current A48
signal, the calculation being performed based
on a result of the fast Fourier transform; and
adjusting symbol synchronization of reception
symbol from C-PILOT1 signal using the calcu-
lated outer product value.
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